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Abstract
The purpose of this study is to determine the 
relationships that exist between laying date, clutch size 
and brood size in the Mute Swan (Cygnus olor) in 
north-central County Clare, Ireland.
Fifty-two nests were located by aerial survey and visited 
by foot and boat. Egg size and clutch size were 
measured. Nests were visited once a week between laying 
and hatching and every two weeks thereafter to monitor 
changes in brood size. Activity budgets, based on 
fourteen hours of observation for each family,-were 
recorded for twelve families. The average time spent 
feeding per hour was determined from these activity 
budgets.
Clutch size and brood size at 8 weeks of age are 
inversely related to laying date. Cygnet mortality for 
this single season totalled 24.8 percent through eight 
weeks after hatching. The average number of cygnets 
reared to eight weeks per breeding pair is 3.71. This 
number is high compared to values for various studies in 
Great Britain, but similar to a value for several years 
of data from Chesapeake Bay. Birds nesting on ponds tend 
to lay later, lay smaller clutches and subsequently rear 
smaller broods than birds nesting on streams, rivers or 
lakes. Birds laying large clutches tend to spend more 
time feeding per hour, on average, than birds with very 
small clutches, suggesting that birds which feed more get 
the energy to lay more eggs.
Reproductive Success of the Mute Swan, Cygnus olor,
in
North-Central County Clare, Ireland
Introduction
Since 1959 the Mute Swan (Cygnus olor) population 
in Britain has declined on both a local and national 
scale (Reynolds 1965, Eltringham 1966, Perrins and 
Reynolds 1967, Minton 1968, 1971, Scott 1972). The 
initiation of the decline is associated with the 
erection of high power wires in the early 1960's, with 
drainage and dredging schemes and with lead poisoning 
through the ingestion of lead shot and lead weights.
It has been suggested that this type of poisoning is 
the single largest cause of mortality in several 
regions (Birkhead 1981,1982).
Population fluctuations of the Mute Swan in 
Ireland have only recently been examined. At the 
present time, only two studies are underway in the 
country (O'Halloran and Duggan 1984, Collins 1985).
As a result, many aspects of the biology of the 
species in Ireland remain poorly understood. The 
birds, however, do tend to be rather sedentary when 
compared to sub-populations studied in England 
(Perrins and Reynolds 1967, Minton 1971). In Ireland, 
migrations over thirty miles are quite uncommon 
(O'Halloran and Collins 1985). If this is the trend,
2
3outbreeding in this sub-population may be reduced over 
time.
The reproductive success of Mute Swans in 
north-central County Clare, Ireland is influenced to a 
certain extent by human interference. This author has 
observed major drainage schemes in effect which would 
allow farmers more grazing land for cattle but at the 
same time decrease the amount of breeding habitat 
available to the swans. When nests are located so 
that they are accessible, young people will often raid 
them for their eggs, most likely as a simple display 
of bravado. Again depending on nest location, human 
activity may disrupt normal foraging activity: 
tourists tend to have an insatiable desire for 
photographs of cygnets. Further, although lead 
poisoning has become a major topic of study with 
regards to Mute Swans (Birkhead 1981,1982, O'Halloran 
and Duggan 1984) , to date no research on this has been 
conducted in the west of Ireland.
In order that the impact of human interference be 
reduced, those factors which impinge on the breeding 
biology of this species must be fully understood. 
Attention should be given to the following factors:
1. Factors which affect current reproductive output: 
What variables influence the number of young 
fledged?
42. Constraints of time: If eggs are lost, will
replacement clutches be laid and up to what point 
in time?
3. Constraints of physical environment: Do 
unusually dry or wet seasons cause a decrease 
in reproductive output?
4. Sources and effects of lead poisoning: Are lead
weights and shot more damaging to food supply 
than effects of fossil fuels?
5. Factors which affect foraging time: Do bad 
weather and tourists decrease the amount of 
time spent feeding?
As a first step in understanding swan biology in
western Ireland, the present study focuses on the
first of these five concerns.
The breeding behavior of Mute Swans greatly
influences their reproductive success in any given
year. Perhaps two of the most important features
which determine individual success are the timing of
breeding and the rate of reproduction, the latter
being dependent upon the number of eggs per clutch.
Studies by Lack (1954) suggested that the timing
of breeding in birds is related to the availability of
food to the young. Lack maintained that natural
selection would favor birds that start breeding
earlier in the season, which would in turn ensure that
their young hatch during peak food abundance. Perrins
(1970) however, proposed that the date of laying may
be determined by the ability of the female to find
food during egg formation. In other words, food must
5become sufficiently abundant for each female to locate 
enough for not only egg formation, but for normal body 
maintenance as well.
Other studies by Lack (1967,1968) indicated that 
clutch size in waterfowl evolved in relation to the 
average amount of food available to the female at the 
time of laying. This conclusion was based on his 
evidence that clutch size and egg size are inversely
related larger eggs being laid at the expense of a
smaller clutch. Furthermore, he suggested that there 
is a trade-off between the date of laying and the 
number of eggs laid, again an inverse relationship.
Perrins (1970) maintained that late breeders do 
not lay smaller clutches due to reduced food supply at 
the time of egg formation. Later clutches are laid 
when the season is more advanced and presumably food 
is more abundant, as evidenced by the successful 
hatching and feeding of young by the early breeders.
He concluded that the reduction in clutch size is an 
adaptation to a future worsening of the food supply, 
and that late-breeding individuals are more likely to 
be successful with small broods rather than large 
broods.
Recent studies in the vicinity of Oxford and 
London suggest that factors such as female age and 
genotype, a 'pair effect', mean winter temperature and
6habitat quality determine the date of laying in Mute 
Swans (Birkhead, Bacon and Walter 1983, Scott and 
Birkhead 1983, Bacon and Andersen-Harild 1987). This 
date, then, directly influences clutch size which, the 
authors maintain, determines the number of cygnets 
fledged in a particular season.
The principle objective of this study was to 
determine the relationships that exist between laying 
date, clutch size and brood size in north-central 
County Clare, Ireland. In addition, data on the 
general breeding biology of this species are included.
General Biology of Mute Swans
Mute Swans mature in their second or third year 
and form pairs at least one year before laying. They 
are typically monogamous. After pairing, the birds 
set up and aggressively defend territories which 
comprise 4-5 ha. of lake and 2-3 km. of river (Bacon 
and Andersen-Harild 1987). The same individuals 
inhabit the same territories in successive years 
(Perrins and Reynolds 1967, Minton 1968,1971).
An elaborate courtship occurs in late March or 
early April after which nest construction begins. 
Nests, typically built in standing water, are 
constructed mainly of Phragmites or Typhus. Those 
built on islands, and thus near water, are composed of 
whatever suitable materials are available: grasses,
small twigs and moss, or small sedges (pers.obs.).
Laying takes approximately 48 hours per egg. 
Incubation begins with the last egg laid and averages 
35 days. The young hatch synchronously and enter the 
water almost immediately, surviving their first seven 
to ten days on lipid reserves which build up during 
development (Birkhead 1984). For the next several 
days, the young dabble at foods brought to the surface
7
8by the attending adult and generally by 3 weeks of age 
feed on their own. The cygnets remain with their 
parents for 4-5 months, fledging after the autumn 
moult (Perrins and Reynolds 1967, Minton 1968,1971, 
Scott 1972).
Study Area
The study area consisted of approximately 22 0 
square miles in north-central County Clare, Ireland 
(Fig.l). It is lowland, spotted with numerous 
limestone lakes, ponds and streams. To the west lie 
the Burren, a region of limestone hills rising to over 
1000 feet, and the River Fergus, the principal 
drainage system for the Burren, which is thus highly 
susceptible to drastic and rapid fluctuations in water 
level (pers.obs.) The river itself connects six lakes 
and can indirectly influence the levels of several 
others.
The average amount of precipitation for spring 
and summer for the past five years is 62.3mm per 
month, with March, May and June receiving the highest 
amounts of rainfall (Shannon Airport Meteorological 
Office). The prevailing winds are southwesterly.
Some lakes are well sheltered while others are very 
exposed, posing a problem of vulnerability for nesting 
birds.
The study area can be divided into the following 
types of habitat: i)small stream: about 5m wide,
2-5m deep, plentiful macrophytic vegetation;
9
10
ii)river: 5-8m wide, 2-5m deep, average growth of
macrophytic vegetation; iii)pond with plentiful 
macrophytic vegetation; iv)lake with plentiful 
macrophytic vegetation, no boats; v)lake with 
plentiful macrophytic vegetation, accessible to boats.
11
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Methods and Materials
The study was conducted between 29 April and 22 
August, 1987. Nests, which are large and easily 
spotted from the air, were located by aerial survey 
and visited by foot and boat. Each nest was visited 
once a week between laying and hatching and every two 
weeks thereafter. If the nest was built in dense beds 
of reeds or cattails, the sitting bird, regardless of 
sex, would typically swim away or take flight, without 
defense, at my approach. However, at nests which were 
exposed, providing ample space for defense, the 
females would leave whereas the males, if present, 
would aggressively defend the clutch. Males on 
exposed nests were encountered only three times. In 
each case the bird was distracted by an assistant in 
order that the eggs could be removed, measured and 
replaced. Average handling time for all nests was six 
minutes, while the average time of egg exposure was 
sixteen minutes before the parent returned to the 
nest.
Measurements of egg length and breadth were made 
with vernier calipers. Weights were obtained with a 1 
kg Pesola spring balance. Egg volumes were calculated
12
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according to Birkhead (1984). Clutch size, number of 
cygnets hatched and brood size were recorded by simple 
observation on each visit. Date of laying was 
approximated from the date of hatch based on an 
average incubation period of 35 days and a two day 
interval for the formation of each egg.
Activity budgets were estimated for the swans. 
Twelve families, two per clutch size, were monitored 
for one week each at various two-hour intervals during 
daylight hours. Observations were made from concealed 
locations using a Bushnell 9-30x40 zoom spotting 
scope. The number of minutes per hour spent feeding 
were extracted from these observations, with the 
initial assumption that birds which spend more time 
feeding may be living on poorer quality habitat.
Due to the length of the study, some 
late-breeding birds could not be monitored beyond 
eight weeks after hatching. Use of the term 1 brood 
size' in the text thus refers to the number of young 
reared to eight weeks of age, unless otherwise stated.
During the course of the study three sets of eggs 
were stolen by humans. Two of these clutches were 
relaid and data from these second clutches are 
included in this investigation. The third clutch was 
not relaid but the data recorded for the eggs are 
included in the analysis.
Ik
Precipitation data were recorded at nearby 
Shannon Airport Meteorological Office.
When possible, single and multiple analysis of 
variance and regression analysis were applied to the 
data. If variances were found to be heterogeneous, 
the non-parametric Kruskal-Wallis test was used.
Results
Fifty-two nests were located by aerial survey and 
all but two were relocated, the latter being totally 
inaccessible due to boggy conditions surrounding the 
lakes. One nest was washed out, as a result of severe 
winds, between the first flight and relocation.
Humans robbed one nest of its entire clutch. Overall, 
there were 52 breeding pairs with at least 2 
unsuccessful nests. Breeding success in the study 
area thus ranged from 92-96 percent.
Table I shows the nesting success of the Mute 
Swan in north-central Clare in 1987. Two hundred 
sixty nine eggs were laid, of which 90 percent 
hatched, and 75 percent of the hatchlings survived to 
eight weeks of age. The average clutch size was 5.49 
while the average brood size at 8 weeks was 3.71. Egg 
losses totalled 10 percent during the laying and 
incubation period, and these are accounted for in 
Table II. The mortality of cygnets is summarized in 
Table III. All nests were monitored through eight 
weeks and the percent loss for this period is shown. 
Losses were highest (15.7 percent) during the first
15
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two weeks from hatching. Subsequent death rates 
varied and reached an overall mortality of 24.8 
percent after 2 months.
The average egg volumes for the various clutch 
sizes are shown graphically in Figure 2. The six 
variances were significantly heterogeneous (Bartlett's 
Test p=0.005) and, therefore, the effect was analysed 
using the Kruskal-Wallis test. There was a 
significant difference in egg volume among clutch 
sizes, with smaller clutches having larger egg volumes 
(p=0.0296).
In the study area there was variation in laying 
date, clutch size and brood size between habitat 
types. Table IV shows the percent of nests in each 
habitat and the mean values for each variable by 
habitat. Mean laying date (Fig.3) was significantly 
different between ponds and lakes without boats 
(p=0.0499). Although the mean value for rivers is 
much lower than that for ponds (river, mean=95.0, 
pond, mean=102.5) there was no significant difference 
between these groups. This could, perhaps, result 
from the unusually small number of pairs nesting on 
rivers (n=2). However, even when all fast-moving 
waters (rivers and streams) were clumped together, 
increasing the sample size to n=6, there was still no 
statistical difference between the groups. Mean
20
Figure 2. Mean Initial Egg Volume 
versus Clutch Size. The mean and 
standard error are plotted, and 
are listed next to the appropriate 
hars. Sample sizes are as follows: 
clutch size 3(^=9)» Mn=20), 5(n=80), 
6(n=108), 7(n=28) and 8(n=24).
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Figure 3« Mean Laying Date versus 
Habitat. The mean and standard 
error are plotted. See Table IV for 
values and sample sizes. The line 
below the x-axis connects those 
habitats which are significantly 
different.
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Figure 4. Mean Clutch Size versus 
Habitat. The mean and standard 
error are plotted. See Table IV for 
values and sample sizes. The line 
below the x-axis connects those 
habitats which are significantly 
different.
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Figure 5» Mean Brood Size versus 
Habitat. The mean and standard 
error are plotted. See Table IV for 
values and sample sizes. The line 
below the x-axis connects those 
habitats which are significantly 
different.
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clutch size (Fig.4) was also significantly different 
between ponds and lakes without boats (p=0.0483), 
while mean brood size (Fig.5) differed significantly 
between ponds and lakes (p<0.001), whether or not they 
are accessible to boats.
Table V lists the average number of minutes spent 
feeding per hour compared to clutch size. The various 
families were observed after hatching had occurred. 
There was no significant difference between the sexes 
or in the interaction between sex and clutch size. 
However, the means differed significantly based on 
clutch size alone (p<0.001). The Tukey-B Range Test 
indicated that parents with clutch sizes of four, six, 
seven and eight fed substantially longer than parents 
with clutches of three and five eggs (Fig.6).
Clutch size had a significant regression with 
laying date (Table VI, Fig.7). Although clutch sizes 
decreased as laying date progressed, this regression 
explained only 29.5 percent of the variation in clutch 
size. The only significant difference in the size of 
a clutch based on habitat was between ponds and lakes, 
as mentioned above.
Clutch size clearly influenced brood size at 8 
weeks, although only 39 percent of the variation was 
accounted for by this regression (Table VII).
Analysis of variance showed a significant difference
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Figure 6. Mean Time Spent Feeding 
per Hour versus Clutch Size. The 
mean and standard error are plotted. 
See Table V for values and sample 
sizes. The line below the x-axis 
connects those clutch sizes which 
are not significantly different.
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Figure 7* Plot of the Relationship 
Between Clutch Size and Laying Date. 
See Table VI for statistics.
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between means (p<0.001). The Tukey-B Range Test 
indicated that clutches of six, seven and eight eggs 
were not statistically different in the number of 
young that were reared to 8 weeks; the same held true 
for clutches of three, four and five eggs. But the 
test indicated that the means of these two groups 
(i.e. 3,4,5 vs. 6,7,8) were significantly different
from one another (Fig.8).
When the actual number of young reared was 
replaced with the proportion of young reared, the 
analysis of variance showed no significant difference 
and there was no significant regression based on these 
parameters.
There was a significant regression between brood 
size and laying date, indicating an inverse 
relationship (Table VIII). The date of laying 
explained 41 percent of the variation in brood size 
(Fig.9). As mentioned previously, brood size differed 
significantly between ponds and lakes.
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Figure 8. Mean Brood Size versus 
Clutch Size. The mean and standard 
error are plotted, and are listed 
next to the appropriate bars.
Sample sizes are as follows: clutch 
size 3(n=3)f Mn=5), 5(n=l6), 6(n=18), 
7(n=^) and 8(n=3)«
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Figure 9« Plot of the Relationship 
Between Brood Size and Laying Date. 
See Table VIII for statistics.
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Discussion
The swans in north-central Clare appear to have 
been fairly successful in 1987. Reynolds' (1965) data 
on cygnet mortality (Table III) indicate that the 
death rate in Oxfordshire was nearly double that in 
Clare. In Mute Swans, the main losses occur during 
the second week after hatching when the lipid reserves 
have been depleted. If there is insufficient food 
suitable for small cygnets there will be very little 
body size increase, and exposure to the elements may 
result in death. This past summer in Ireland was 
unusually warm and dry, resulting in a superabundance 
of aquatic vegetation coupled with very low water 
levels. It seems likely that this combination would 
allow young to build up body tissues fairly rapidly in 
the early weeks after hatching which would increase 
their resistence to exposure.
Eltringham (1966) reported that in 1961 an 
average of 2.3 cygnets fledged per breeding pair in 
west-central England. He cited similar values for 
London (2.4 cygnets/breeding pair, 1957) and Scotland 
(2.5 cygnets/breeding pair, 1958). Minton (1968) 
published data for Staffordshire for the years 1961 to
35
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1967. For that time period, an average of 2.0 cygnets 
fledged per breeding pair. The swans in Clare 
averaged 3.71 cygnets per breeding pair. The 
discrepancy in values may result from time 
limitations. Eltringham and the others based their 
estimates on the number of young fledged, which is 
when the young become independent of their parents at 
approximately 4.5 months of age; whereas my estimate 
was based on cygnets at two months of age. However, 
losses after the eighth week were very low (Reynolds 
1965) (Table III) and a reduction of 1-2 percent in 
the total number reared would not substantially reduce 
the ratio of cygnets reared per breeding pair. The 
increase in this ratio for Clare, if not a one year 
phenomenon, could indicate a rapidly expanding 
population. Reese (1975) reported on a newly 
established Mute Swan population on Chesapeake Bay, 
incorporating data collected between 1969 and 1974.
The mean clutch size for those years was 5.87 and the 
average number of cygnets fledged was 3.1 (n=47 
clutches). The data for County Clare are not 
dissimilar.
In this study, egg volumes differ with clutch 
size suggesting that an inverse relationship exists. 
Scott and Birkhead (1983) found a relationship between 
egg volumes and hatching date in that earlier clutches
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had larger eggs. There was no difference in egg 
volumes based on five years of data on clutch size 
(Birkhead, Bacon and Walter 1983). Lack (1967,1968) 
showed that clutch size and egg size are inversely 
related in many species, and furthermore, that larger 
clutches tend to be laid earlier in the season. This 
could be an adaptation to the food supply available to 
the young. If they are hatching when sufficient food 
is available the necessity for increased lipid 
reserves is reduced; eggs can thus be smaller and 
more can be laid, which would increase the chances of 
leaving more offspring.
Birds breeding on ponds tended to begin laying 
later, lay smaller clutches and rear smaller broods. 
Perhaps territory size is an important factor. Ponds 
were all very small, usually much less than one acre. 
It may be that the abundance and quality of aquatic 
vegetation is insufficient to maintain high energy 
reserves used for egg formation. Scott and Birkhead 
(1983) reported that laying date tended to be earlier 
and clutch size larger on good quality habitat, but 
that the number of young fledged from a territory was 
not significantly related to territory quality.
The estimates of average time spent feeding were 
initially used as measures of territory quality 
although they appear to reflect foraging efficiency.
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It has been shown for several species that feeding 
efficiency may be influenced by age (Perrins 1965, 
Orians 1969, Recher and Recher 1969, DeSteven 1978). 
The foraging strategy of Mute Swans is not very 
complex. It simply involves the grazing of submerged 
vegetation, and the offspring appear to master the 
technique at a very early age (3 weeks in this study).
In this study, birds laying large clutches (n=6,
7 or 8) spent more time foraging, on average, than 
birds with very small clutches (n=3) (Table V), 
suggesting that birds which feed more get the energy 
to lay more eggs. This appears to be the case 
regardless of habitat quality. Allott (1986) lists 
the chemical characteristics of six lakes in the study 
area (Table IX), five of which happened to be used for 
foraging studies in my investigation. His 
measurements were taken in June 1985 while my 
observations were made in August 1987. Ballycullinan 
North is the only lake he listed which did not contain 
at least one pair of breeding birds. Clutch sizes for 
the various known nests have been added to Table IX.
As can be seen from these data, only Lough 
Cullaun has reduced levels of phosphorus and nitrogen, 
suggesting that the habitat is much less rich than 
that of the other lakes listed. It is also evident 
that both pairs nesting at Cullaun laid large clutches
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in successive years, as the data for 1986 and 1987 
support this. It appears that large clutches can be 
laid regardless of habitat quality. Thus it seems 
likely that, in this case, the amount of time spent 
feeding is an indication of foraging efficiency rather 
than habitat quality.
Clutch size and brood size tended to decrease as 
laying date progressed. This suggests that females 
lay smaller clutches and subsequently rear smaller 
broods as a possible adaptation to the future 
dwindling of the food supply. There may be ample food 
for her to lay a large clutch, but the supply may be 
quite reduced by the time her eggs hatch, decreasing 
the percent survivability of a large brood.
It is generally accepted that clutch size in 
birds is evolutionarily fixed (Lack 1967, 1968). The 
results from this study suggest that the number of 
eggs laid may be modified by physiological and 
ecological factors such as foraging efficiency and 
laying date. Lack (1954) tended to generalize about 
clutch size, stating that 'clutches above the normal 
limit are at a disadvantage because the young are 
weakened through undernourishment, and as a result 
fewer survive per brood than from clutches of normal 
size.1 However, in north-central County Clare, Ireland 
it appears that, at least in this season, laying large
41
clutches was advantageous to laying small clutches, 
since overall, survival was higher for larger clutch 
sizes. The observed number of young reared to eight 
weeks per breeding pair indicates that this 
sub-population was very successful in 1987. However, 
this may be an artifact of the unusually dry season. 
Further studies should now be conducted to determine 
whether this is truly an unusual year or simply the 
existent trend.
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